Abstract
Introduction

32
Ecological subsidies are fluxes of energy, materials, and nutrients that enhance 33 populations in recipient food webs (Polis et al., 1997) . They are nearly ubiquitous across 34 ecosystems, and are particularly well-studied as fluxes across the freshwater-terrestrial boundary 35 (Baxter et al., 2005; Richardson and Sato, 2015) . In these systems, fluxes are reciprocal in the 36 sense that the movement of terrestrial production to freshwater ecosystems, such as insect and 37 leaf infall, is reciprocated by the movement of aquatic production to terrestrial ecosystems, such The vast majority (>95%; Jackson and Fisher, 1986 ) of emerging aquatic insect mass 41 does not return to the stream, but instead remains in the terrestrial ecosystem. However, the fate 42 of that mass in terrestrial food webs is unresolved. Emerging aquatic insects can represent a large 43 percentage of annual energy budgets for terrestrial consumer populations (Nakano and 44 Murakami, 2001 ), but can also contribute substantial inputs to terrestrial detrital pools (Hoekman 45 et al., 2011; Dreyer et al., 2015) . Contributions to detrital pools may be especially important 46 during mass emergence, in which large numbers of aquatic insects emerge over short time 47 periods, representing a pulsed resource subsidy (Nowlin et al., 2008; Yang et al., 2010) . During 48 such pulses, consumers can become rapidly satiated, leaving the remainder of the subsidy to 49 enter detrital pools (Yang, 2004) .
50
One particularly striking example of a highly pulsed resource subsidy is the emergence of
51
Pteronarcys californica (Order: Plecoptera) (Walters et al., 2018) , a large stonefly commonly 52 known as the giant salmonfly (Stark et al., 1998) . Its geographic distribution in North America 53 includes rivers draining mountain ranges found in Alaska, Arizona, British Columbia, California, 54 4 Colorado, Idaho, Montana, Mexico, New Mexico, Oregon, Utah, Washington, and Wyoming 55 (Baumann et al., 1977; Stewart and Stark, 2002; Stewart and Oswood, 2006) . This iconic insect 56 emerges en masse from rivers in the western U.S., and is important to recreational anglers, 57 because trout become highly active feeders during the giant salmonfly emergence. Because of 58 their large size relative to other aquatic insects and their short emergence period (1-week), adult 59 giant salmonflies represent a potentially large contribution of aquatic-derived energy and 60 nutrients to nearshore terrestrial detrital pools. At productive sites, a single week of salmonfly 61 emergence can equal or exceed the total annual emergence biomass of streams that do not have 62 salmonflies (Walters et al., 2018) . For example, salmonfly production at one site in the Colorado
63
River was 49 gC per meter of stream bank per year (Walters et al. 2018) . Using river width as a 64 proxy of emergence production (Gratton and Vander Zanden, 2009) , the predicted amount of 65 total insect emergent production at this site should be only 18 gC/m/yr. In other words, observed 66 giant salmonfly emergence was more than twice as large as the expected total annual emergence 67 production.
68
In this study, we used direct measurements of annual giant salmonfly emergence from 69 Walters et al. (2018) We measured giant salmonfly emergence from 37 total sites (square symbols, Figure 1) 78 across five river basins over four years using depletion sampling of salmonfly exuviae for a total 79 of 71 samples (Walters et al., 2018) . Mean ash free dry mass (AFDM) of exuviae and adults was 80 measured separately for males and females for all five study rivers (range of n = 12-49 for each 81 combination of sex and river (Table S3 in 
Analysis
86
To model mean salmonfly flux across our sample sites, we used an intercept-only
87
Bayesian generalized linear mixed model. The response variable was salmonfly flux (gC/m/yr),
88
with river, site, and year as random effects. Because the data were continuous and non-negative,
89
we used a gamma likelihood with a log-link. To account for samples with zero emergence
90
(n=4/71 samples), we added 0.01 to each site with zero emergence. We chose this model because 91 it incorporated multiple sources of uncertainty in the mean amount of salmonfly emergence 92 among rivers, sites, and years. In addition, it allowed us to use this uncertainty to make 93 predictions of salmonfly emergence at sites other than our sample sites (see below).
94
We specified the model in R (version 3.4.2, R Core Team, 2017) continue to enter the detrital pool, our low estimate of 25% deposition seems reasonable.
139
Alternatively, while it is unlikely that 100% of adult aquatic insects enter detrital pools, this 140 value has been assumed in a previous study (Dreyer et al., 2015) , thereby allowing us to compare 141 our results to previous work and providing an upper limit on potential deposition.
142
In addition to fluxes of carbon (C), we also calculated fluxes of nitrogen (N) and 143 phosphorous (P) by converting C units to N or P using published stoichiometric ratios of 6.3 for 144 adult insect C:N and 124 for C:P (Elser et al., 2000) . For the exuviae, we assumed that C and N
145
in exuviae contained 65% of C and N in adults, based on exuvia-adult comparisons from cicadas
in Callaham et al. (2000) . We also assumed that P represented the same proportion (65%), (Table 1) .
186
Discussion
187
The most important result of this study is that giant salmonflies represent a potentially 188 substantial transfer of C, N, and P from aquatic ecosystems to nearshore terrestrial detrital pools.
189
For example, potential salmonfly N and P deposition exceeded annual atmospheric deposition small pulses of nutrients can have large impacts on local nutrient budgets.
225
We also compared giant salmonfly deposition to that of salmon carcasses, which Mountains, where our sites were located. Finally, the availability of alternative resources, such as 249 terrestrial secondary production, is also spatially variable and difficult to predict. However, using 250 conversion rates based on satellite imagery of primary production in Wisconsin, Bartrons et al.
251
(2013) estimated that secondary production of terrestrial insects was 0.02 to 0.44 gC/m 2 /year. 
275
Our goal is that this modeling study spurs direct measurements of aquatic insect production of terrestrial insects.
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